ABSTRACT One hundred twenty 4-mo-old wether lambs born to Targhee ewes and sired by six rams each from Merino (Finewool, FM and Strongwool, SM), Rambouillet (Dubois, DR and Texas, TR), and Targhee ( T 1 breeds were randomly assigned to predetermined slaughter weight groups of 43, 48, 52, and 57 kg and evaluated for growth and carcass traits. Overall mean ADG and feed conversion rate (FC, kilograms of feedkilogram of gain) were .28 and 6.4 kg, respectively; T grew the fastest (.31 kg) and FM grew the slowest (.23 kg). Targhee and SM had the best FC (6.21, whereas FM (6.8) had the poorest FC ( P < .05). Overall mean backfat thickness (BT) and carcass fat ( C F ) were 4.8 mm and 25.6%, respectively. Targhee had the lowest (24%) and FM the highest (27.8%) CF percentage ( P < .05). Differences ( P < .05) were observed for BT and CF among slaughter weight groups; overall means for both traits gradually increased from the 43-to the 57-kg groups. Separate analysis of the 43-and the 48-kg groups indicated nonsignificant breed differences for feed traits, whereas significant differences still existed for CF. It was concluded that Merino strains grew more slowly, were less efficient in postweaning growth, and had higher carcass fat content than U S . breeds at a constant slaughter weight; SM were more comparable to U S . breeds than were FM. Merino-cross lambs should be slaughtered at lighter BW to avoid excessive carcass fat.
Introduction
A major source of income for the U.S. sheep industry is the sale of lambs. Increases in wool prices in the late 1980s and introduction of strains that produce large amounts of wool from Australia have promoted a shift toward strains that yield finer wool (Lupton and Shelton, 1988) . Although crossing with these breeds can increase wool production relative to that of U.S. breeds by 30% or more, it is of interest to determine how this might affect lamb production and meat quality.
Genetic correlations vary from -.67 to .24 among wool, growth, and carcass traits (Pattie, 1965; Turner and Young, 1969; Botkin et al., 1971) . Because of the possible antagonistic relationships, a joint study was designed among the U.S. Sheep Experiment Station, pm, whereas the six SM rams had a range in fiber diameter from 24.1 to 28.1 pm. The development of the DR and TR strains was described by Hulet et al. (1974) and Shelton and Lewis (1986) . The six T rams consisted of three each from weight-selected ( Hw) and multiple-birth-selected lines ( HT) (Quirke et al., 1985) . Targhee, DR, and two TR rams were available for natural mating, whereas frozen semen from the other groups was supplied by the collaborating institutions. All natural matings were in single-sire pens or paddocks. Summary data for these groups are given in Table 1 . Lambs were castrated shortly after birth, raised on range with their dams, and weaned at approximately 100 d of age. Four lambs from each sire (except for three sires with five and one sire with one) were selected from lambs born during December 1990, with lambs for the trial chosen at random when surplus lambs were available. The 120 lambs were trucked to Davis, shorn, and vaccinated with an eightway Clostridium vaccine before the start of the trial and randomly assigned t o predetermined slaughter weight groups of 43, 48, 52, and 57 kg. Initial average BW of lambs were 31.4, 31.9, 29.7, and 31.9 kg, respectively, in these slaughter weight groups. The trial was started on April 16. All lambs were housed in 2.6-m x .84-m pens for the duration of the trial, two per pen, from the same sire breed.
All lambs were given ad libitum access to pelleted feed and water throughout the trial. The diet consisted of 30% corn and 70% alfalfa initially. The corn:alfalfa ratio was increased by 10% every 2 wk in favor of corn until a ratio of 60:40 was reached, with no further changes thereafter.
All lambs were preassigned to a designated slaughter weight, but because lambs were weighed only weekly, actual slaughter weights varied around the designated values. In addition, seven lambs that had not reached designated slaughter weight and were gaining weight very slowly were slaughtered after 140 d on feed. They were included with their original slaughter weight group in the analyses, which slightly increased the variation in slaughter weight within groups as shown in Table 2 .
Individual ADG was calculated using weekly measurements of BW. Feed intake by pen was recorded weekly to calculate individual ADFI, assuming that the two lambs in a pen had the same daily feed intake. An overall feed conversion rate (FC) for each individual was calculated using total feed intake and total BW gain during the trial.
Upon reaching its predetermined slaughter weight, each animal had feed and water removed and was slaughtered 24 h later. Cold carcass weight was recorded after carcasses were chilled for 24 h at 4°C. Carcasses were then weighed under water using a 
triple-beam balance suspended over a cylindrical tank, after removing all air possible that was trapped under the fascia or within crevices. Water temperature was also recorded to correct the water density to 4°C (Hodgman, 1949) . Carcass specific gravity ( SG) was calculated as follows: SG = [cold carcass weight/(cold carcass weight -weight in water)] x water density. Percentage of carcass fat ( CF) was obtained using the following equation (Rattray et al., 1973) :
Backfat thickness ( BT) was measured on cold carcasses between the 12th and 13th ribs over the longissimus muscle (Boggs and Merkel, 1990) . Least squares procedures (Harvey, 1979) were used for data analysis. The statistical model included breed group, sires within breed group, and predetermined slaughter weight group (PSWG) as main effects. Sire within breed group was used as the error term for breed groups. During preliminary analyses initial body weight ( IBW) within breeds was included in the model as a covariate. Most of the between-breed variation in feedlot performance traits was removed as a result, as expected if there is a high correlation between pre-and postweaning growth rates. Therefore, to remove within-breed variation due to IBW from the mean square error, deviations of individual IBW from the breed mean initial body weights were included in the model as a covariate. Also during preliminary analyses, breed group x PSWG and sires within breed group x PSWG interactions were tested, found nonsignificant for all traits, and deleted from the final model. Least squares means were compared using the Bonferroni multiple comparison procedure (Devore and Peck, 1986) . Linear regression coefficients were calculated for each breed to determine optimum slaughter weights for a desired level of backfat thickness or percentage of carcass fat (Devore and Peck, 1986) . A quadratic term was tested initially, found nonsignificant, and excluded from the model.
Results and Discussion

Feed Data
Results of ANOVA for individual ADG, ADFI, and FC are presented in Table 3 for the entire experimental period. Differences were observed among breed groups for ADG ( P < .01) and ADFI ( P < .lo). Effects of sires within breed groups were relatively important for ADG ( P < . l o ) and FC ( P < .01) only. Initial BW was a significant ( P < .05) source of variation for all feed traits. Effects of predetermined slaughter weight groups were not statistically significant.
Least squares means are presented in Table 4 . Overall mean ADG was .28 kg. Targhee ranked highest (.31 kg), followed by DR, SM, and TR; FM was the slowest-gaining group (. 23 kg), Differences between FM and the other groups, except TR, were significant. Targhee-sired lambs consumed the highest amount of feed per day (2.3 kg), closely followed by DR; FM consumed the least amount (1.6 kg of feed).
Overall mean feed conversion rate was 6.4 kg; T and SM were the most efficient (6.2 kg), followed by the two Rambouillet strains. Finewool Merino was the least efficient group (6.8 kg). Average daily gain was the same across all slaughter weight groups (, 28 kg) . Although the lambs in the 43-kg group ate more (2.4 kgid) than lambs in the other groups, they were the most efficient in feed conversion (6.3 kg). As the slaughter weight increased from 43 to 57 kg, ADFI and FC decreased (Table 4) . Results of contrasts constructed to test differences among Merino, Rambouillet, and T lambs, strains within breeds combined, revealed differences among all breed groups ( P < .05) for ADG, between Merino and T for ADFI and FC, and between Rambouillet and T for FC. ET AL.
Carcass Data
Results of ANOVA using data from all lambs indicated no significant differences among breed groups for backfat thickness, whereas highly significant differences were detected for percentage of carcass fat ( Table 5 ) . Effects of predetermined slaughter weight groups on both carcass traits and effects of IBW on percentage of carcass fat were also highly significant. The other terms in the model were not statistically significant for either trait.
Overall mean backfat thickness was 4.8 mm; the two Rambouillet strains ranked the leanest (4.6 mm), followed by the Merino strains (Table 6 ). The T lambs had the highest amount of backfat thickness (5.1 mm). The least amount of backfat thickness (3.3 mm) was for the 43-kg slaughter weight group (Table 61, increasing gradually to 6.7 mm in the 57-kg group ( P < .05). Least squares means for backfat thickness for breed group and PSWG combinations (not tabulated) showed that the Rambouillet strains ranked the leanest in slaughter weight groups 43, 48, and 52 kg. The FM ranked fattest in the 43-kg group (4.1 mm) and second-fattest in the 57-kg group (7.2 mm). Abouheif et al. ( 19 9 1) reported backfat thickness values of 5.9, 6.7, and 6.9 mm for imported Merino wether lambs slaughtered at 52, 58, and 65 kg of BW, respectively. This compares well with the 5.1 and 6.8 mm calculated in this study for Merino-cross lambs in the 52-and 57-kg slaughter weight groups, respectively.
Overall mean carcass fat percentage, calculated from carcass specific gravity, was 25.6%, with values of 22.8, 25.0, 27.3, and 27.7%, respectively, for slaughter weight groups of 43, 48, 52, and 57 kg (Table 6 ). Targhee lambs had the lowest percentage of carcass fat (24%), followed by Rambouillet-and Merino-cross lambs. The value for T was surprising in light of their ranking on backfat and may indicate a difference in fat distribution. The FM lambs were the fattest (27.8%); they had 16 and 12% more fat than T and TR lambs, respectively ( P < . 0 5 ) . Finewool Merino lambs had approximately 6% more carcass fat than SM lambs, although this difference was not statistically significant. This was also the case between the two Rambouillet strains; TR lambs had less fat than DR lambs.
Similar rankings were observed within each slaughter weight group for percentage of carcass fat: T lambs were the leanest in all groups (not tabulated). Finewool Merino lambs had the highest carcass fat in all weight groups. In fact, the fattest lambs in three of the groups were sired by the same sire. Rambouillet rams from Dubois-sired lambs were intermediate in percentage of carcass fat. Results of the contrasts showed that differences among the three breed groups, data from strains combined, were not significant for backfat thickness, whereas significant differences existed for percentage of carcass fat. Besides reaching their final weight earliest, the T lambs were one of the two most efficient groups in FC and had the lowest percentage of carcass fat. In contrast, the FM lambs stayed on the experiment the longest, were the least efficient, and had the highest percentage of carcass fat. When strains within breeds were combined, the T lambs were the most efficient and leanest, followed by Rambouillet and Merino lambs. An examination of sire means for HW and HT sire groups revealed a substantial overlap between the two groups in growth and carcass traits. Based on this and the small number of sires in each group, the data for the six sires were pooled. However, the high subcutaneous fat of the T group contrasted with the low percentage of carcass fat. A further study of the data indicated that two T lambs, one each in the 52-and 57-kg groups, had backfat thicknesses of 10.5 and 14.5 mm, respectively, two and three SD greater than respective group means. No outliers were detected for this trait for the other breed groups. The data were reanalyzed excluding these observations and T lambs ranked leanest for backfat thickness both overall and in the 52-kg group and was the leanest in the 57-kg group (not tabulated). Other breed groups maintained the same ranking.
Results of this experiment show that lambs sired by rams of the two strains of Australian Merino gained, on average, more slowly than those sired by Rambouillet and T rams. The FM group was also less efficient. At the same slaughter weights, Merino-cross lambs had more carcass fat than the two U.S. breeds. However, results from target weights of 43 and 48 kg combined indicated that the performance of Merino lambs was not significantly different from Rambouillet and T lambs for ADG and FC, although significant differences still existed in percentage of carcass fat. The Merino crosses gained more slowly and less efficiently in the 52-and 57-kg target weight groups than the U.S. breeds. On average, the Merino crosses took 20, 28, 45, and 24 d longer than DR, TR, and T combined to reach predetermined slaughter weights of 43, 48, 52, and 57 kg, respectively.
The fact that seven lambs (including five from FM, one from SM, and one from TR) were slaughtered before reaching designated slaughter weight would be expected to diminish the between-group differences (i.e., the lower gain and efficiency and higher carcass fat content of the FM group would be expected to be greater if these lambs had been fed beyond 140 d). Between the two Merino strains evaluated, lambs from SM performed generally better than the FM lambs for all traits, as expected based on the larger mature size of the SM strain.
Regression equations are given in Table 7 to allow calculation of optimum slaughter weight for a desired level of backfat thickness or percentage of carcass fat. For example, a 23% carcass fat would require slaughter weights of 44, 46, 30, 36, and 47 kg for DR, TR, FM, SM, and T groups, respectively. In other words, Merino lambs would have to be slaughtered at much lower BW to obtain the same carcass fatness as the two U.S. breeds. At these slaughter weights their predicted back thickness would be 3.4, 3.3, 1.7, 1.8, and 4.3 mm for DR, TR, FM, SM, and T, respectively, at which points the Merino lambs have less backfat thickness than required to maintain a fresh appearance and to prevent excessive shrinking and discoloration of carcass.
Implications
Crosses between Australian Merino and U.S. breeds are expected to exceed U S . breed lambs in wool quantity and quality. However, results presented here suggest that this would be at the expense of feed conversion rate and carcass leanness, if slaughter weight is not lowered. Strongwool Merino lambs are much more competitive with the U.S. breeds than are Finewool Merino lambs. It is recommended that Merino lambs be slaughtered at lower weights to avoid excessive carcass fat.
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